Different amplitude of auditory Nlm evoked by a tone 
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1 Introduction 

It is well known that the shape of auditory Nlm wave¬ 
form depends on the property of auditory stimulus. 
Besides, it has been reported that reactions of the 
neurons in the auditory cortex of monkey can be af¬ 
fected by the motor task required as a reaction to audi¬ 
tory stimuli [1]. Furthermore, it has been also shown 
that the motor cortex can receive direct inputs from 
sensory auditory thalamic nuclei [2]. And, in MEG 
study, Endo et al. [3] showed that there was an in¬ 
formation flow without cognitive processing from vi¬ 
sual stimulus processing to the activation of the motor 
cortex. These studies indicate that the sensory cortex 
relates to the motor cortex more directly and insepa¬ 
rably than considered traditionally. 

In these backgrounds, the objective of this study was 
to examine how the auditory cortex can be affected 
by the motor cortex. Eor this purpose, we investi¬ 
gated what changes of the waveform of Nlm were 
observed when subjects performed different unilateral 
finger reactive movement tasks to auditory stimulus. 

2 Methods 

Six right-handed subjects were instructed to perform 
six tasks below. 
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Eigure 1: Evoked magnetic fields by a subject per¬ 
forming right index finger reactive movement to the 
auditory stimulus presented to the left ear. The stimu¬ 
lation was presented at 0 ms. 


to the stimulus with left and right index finger alter¬ 
nately. The Evoked magnetic fields were selectively 
averaged for each ear-finger association (i.e. L-L, 
L-R, R-L, and R-R). Signal-space projection method 
[4] was used for analysis. The magnetic fields were 
recorded using a 64-channel whole-cortex MEG 
system in a magnetically shielded room. 


1. voluntary movement of left index finger(control) 

2. voluntary movement of right index finger(control) 

3. auditory stimulation to left ear(control) 

4. reactive finger movement to left ear stimulation 

5. auditory stimulation to right ear(control) 

6. reactive finger movement to right ear stimulation 

In 1 and 2, subjects moved their fingers lOOtimes 
at free intervals over 5s. And the movement related 
fields were averaged. In 3,4,5 and 6, the properties 
of the monaural auditory stimulus were identical 
(frequency=440Hz, duration= 100ms, ISI=4-6s). In 3 
and 5, the stimulus was repeated 100 times and the 
auditory evoked fields were averaged. In 4 and 6, the 
stimulus was repeated 200 times. Subjects reacted 


3 Results 

Eig. 1 shows iso-field maps of the evoked magnetic 
fields by a subject performing L-R task(right index 
finger reactive movement to the stimulus presented 
to the left ear) in exp. 4. The results of analysis by 
signal-space projection method were shown in Eig. 2. 
Three signal-space components [4] (representing the 
typical fields evoked from left auditory, right audi¬ 
tory and motor cortex) were made by the control 
tasks. The waveforms of these signal-space compo¬ 
nents during L-R task were estimated. 

Then, we focused on the peak values of estimated 
waveforms during each task. Compared to the val¬ 
ues of the waveforms during control task(exp. 3 or 




Figure 2: Upper: Evoked magnetic fields correspond¬ 
ing to the magnetic fields shown in Fig. 1. Middle: 
Signal-space waveforms [4]. Bold, dotted and thin 
lines show the activities of left auditory, right audi¬ 
tory and motor cortex respectively. Lower: Residue 
fields which cannot be explained by the linear combi¬ 
nation of the three activities shown in the middle row. 


5: only hearing a tone), increases of the peak value 
were observed in some tasks. Table 1 shows normal¬ 
ized peak values of the waveforms of left and right 
auditory cortex(the peak values during control task 
is set to 1). Besides the enhancement of the activity 
of auditory cortex, the differences of the normalized 
peak values depending on the side of finger to move 
were observed. The values were larger in L-R and 
R-L tasks than in L-L and R-R tasks respectively. 

4 Discussion 

It is very interesting that the normalized peak values 
in L-R and R-L task were significantly larger than in 
L-L and R-R task respectively. Because L-L and L-R 
tasks( or R-R and R-R tasks) were performed alter¬ 
nately, we can assume that this result is not affected 
by the difference of the degree of attention paid to the 
auditory stimulation. It may be related to this result 
that the reaction time is longer in case that a subject 
reacts to monaural tone with the finger of the opposite 
side than in case that the subject reacts with the finger 
of the same side [5] [6]. 

As we have showed above, the side of the finger to re¬ 
act to the auditory stimulation can influence the peak 
values of the waveforms of auditory cortex. This re¬ 


Table 1: Normalized peak values of the waveforms of 
left and right auditory cortex in each task. In some 
tasks, the peak values were significantly larger than 
in corresponding control tasks. (*: p<0.05). In left 
auditory cortex, the normalized peak values were sig¬ 
nificantly larger in L-R and R-L tasks than in L-L and 
R-R tasks respectively. In right auditory cortex, L-R 
task induced larger peak value than L-L task. 



Left Auditory 

Right Auditory 

L-L 

1.09 ±0.19 

1.08 ±0.18 

L-R 

*1.31 ±0.23 

*1.23 ±0.09 

R-L 

*1.36 ±0.21 

*1.12 ±0.09 

R-R 

*1.19 ±0.17 

1.05 ±0.14 


suit indicates that a tone with same properties may 
elicit different activities of auditory cortex. 
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